tional activated sludge technology (Wang et al., 2007) . Because of relatively large scale of aniline release into the environment and costly procedure of its chemical remediation (Wang et al., 2007) , there is an urgent need to find microorganisms able to degrade this xenobiotic. Examples of such organisms were found among various species of bacteria (Surovtseva and Volnova, 1972; Bachofer et al., 1975; Helm and Reber, 1979; Aoki et al., 1983 Aoki et al., , 1984 Lyons et al., 1984; Zeyer et al., 1985; McClure and Venables, 1986; Fujii et al., 1997; Fukumori and Saint, 1997; Zissi et al., 1997; Takeo et al., 1998; Thomas and Peretti, 1998; Kahng et al., 2000; Liu et al., 2002; Matsumura et al., 2006; Wang et al., 2007) . The ability to degrade aniline and its derivatives was also found for some strains of filamentous fungi (Arjmand and Sandermann, 1985; Kremer and Sterner, 1996; Emtiazi et al., 2001) . However, to the best of our knowledge there is no information in the literature about the biodegradation of aniline by yeast strains.
In our search for new microorganisms able to degrade aniline we focused our attention on the surroundings of the old (presently not operating) dye factory Mechanism of Aniline Degradation by Yeast Strain Candida methanosorbosa BP-6 Boruta in Zgierz. Aniline was one of the basic raw materials utilized in the factory. The material for selection of microorganisms from soil and wastewater was collected in five different places of the factory area. Material from 18 samples, after appropriate dilution, was independently grown at 30°C on Petri dishes filled with solid King medium A (King et al., 1954) (glucose 1%, bacto peptone 2%, K 2 SO 4 1%, MgCl 2 × 6H 2 O 0.14%, agar 2%, pH 7.5), covered with a thin layer of aniline (20 µl per plate). The selected 18 monocultures (single colonies) were transferred into YPG slants (yeast extract 1%, bacto peptone 2%, glucose 2%, agar 2%, pH 7.0) and maintained at 4°C. The selected strains were tentatively identified as either bacteria or yeasts with varying abilities to degrade aniline. For further selection, each YPG slant was washed with isotonic saline to prepare inoculum for submerged shaken cultures. The cultures were run for 9 days at 30°C in liquid AY medium (yeast extract 0.2%, glucose, 0.5%, NaNO 3 0.05%, KH 2 PO 4 0.075%, MgSO 4 × 7H 2 O 0.022%, CaCl 2 × 6H 2 O 0.022%, pH 5.5) in dark, in the presence of aniline (0.5%). All strains were found to grow under these conditions with various efficiency as detected by measuring increasing cloudiness of cultures (absorption at 660 nm, data not shown). For the best growing yeast strain isolated from sludge pool near old Boruta dye factory (designated by us as BP-6) and 4 best growing bacterial strains isolated from different parts of the post-industrial Zgierz area (designated as BD-1, BZB-1, BR-1 and PKN-7) the level of aniline biodegradadion was estimated by measuring of remaining aniline concentration with a Spectroquant ® test at 550 nm (Merck) as azo-dye subsequent to azo-reaction and coupling with N-(1-naphtyl) ethylenediamine dihydrochloride (NEDDC) (Fig. 1) . The highest level of aniline biodegradation (68.5%) was observed for yeast strain BP-6. Therefore, this particular yeast strain was a subject of our further investigations.
Standard macro-and microscopic (500-fold magnification) observations allowed us to classify BP-6 as a yeast strain, growing in solid medium (YPG) with cream colored, smooth and glossy colonies, and in liquid medium (AY) as a suspension of oval budding cells 46 µm in diameter. Applying diagnostic criteria described by Barnett et al., (1984) and Suye et al., (1990) led to a conclusion, that BP-6 yeast should be classified as Candida methanosorbosa. The BP-6 yeasts were found to grow readily on D-glucose, trehalose and D-galactose (slowly), whereas no fermentation of sucrose, lactose, maltose, melibiose, raffinose, inulin, melezitose or starch was observed. Also the carbon source and mineral requirements (data not shown) were in full agreement with aforementioned literature data related to C. methanosorbosa characterization. Ascospore formation was not observed.
From the technological point of view it was important to check the tolerance of C. methanosorbosa BP-6 towards increased concentration of aniline. Thus, several cultures of C. methanosorbosa BP-6 were set up in liquid medium, containing all ingredients of AY medium except glucose (30°C, pH 5.5). In addition, the medium was supplemented with either 0.1, 0.3, 0.5, 1.0, 2.0, 3.0 or 4.0% of aniline as a sole carbon source. The experiments showed no decrease of biomass accumulation with increasing aniline concentration in medium within 0.14% range during 5 days culture. Microscopic observations, showing the morphology of cells in cultures containing increasing concentration of aniline exhibited no changes for xenobiotic concentrations up to 3%.
The observed high tolerance of C. methanosorbosa BP-6 yeasts towards aniline and its efficient biodegradation prompted us to perform a study on the mechanism of this process. The available literature data show that biodegradation of aniline in various bacterial cultures may proceed either according to extradiolic or intradiolic pathway. In both cases the primary intermediate of aniline biodegradation is catechol. The extradiolic pathway, found for example for Delftia sp. (Liu et al., 2002) , involves following sequence of enzymatic transformations: aniline → catechol → cis,cis-2-hydroxymuconic-6-semialdehyde → cis,cis-2-hydroxymuconic acid → 4-oxalocrotonic acid → 2-oxopent-4-enoic acid → 4-hydroxy-2-oxovaleric acid → pyruvic acid and acetaldehyde. The analogous sequence of transformations for intradiolic pathway involves: aniline → catechol → cis,cismuconic acid → muconolactone → 3-oxoadipate enol-lactone → 3-oxoadipic acid → succinic acid.
For studies of the mechanism of aniline biodegradation, the submerged shaken culture of C. methanosorbosa yeasts was run in the dark at 30°C, in liquid AY medium at pH 5.5, in the presence of aniline (0.5%) for 9 days. After each 24 h of fermentation, catechol, cis,cis-muconic acid and cis,cis-2-hydroxymuconic-6-semialdehyde. In addition, aniline and its metabolites were determined by High Performance Liquid Chromatography (HPLC) method, with authentic samples of each metabolite serving as internal standards. The analysis performed by photometric Spectroquant ® test revealed the stepwise decrease of aniline concentration in C. methanosorbosa BP-6 yeast extract prepared from samples taken in consecutive days of fermentation ( Fig. 2A) . The measurements of ammonium-nitrogen (Hach UniCell test) showed the highest concentration of NH 4 -N on the day 3 and its subsequent gradual decrease (Fig. 2B) . The formation of ammonium ions is clear evidence of aniline dioxygenase activity (Liu et al., 2002) .
Determination of catechol was performed by spectrophotometric method according to Nair and Vaidyanathan (1964) and showed highest concentration of this metabolite in cell extract (0.50 mg/ml) on the day 5 of fermentation. An important point in discussion on the mechanism of aniline biodegradation is a way of enzymatic transformation of catechol. Its convertion by catechol 1,2-dioxygenase should lead to cis,cismuconic acid (intradiolic pathway) whereas the action of catechol 2,3-dioxygenase should give cis,cis-2-hydroxymuconic-6-semialdehyde (extradiolic pathway). The levels of aforementioned metabolites in cell extracts were determined by adaptation of the procedure described by Liu et al. (2002) . The measurements showed the highest concentration of both metabolites in cell extracts on day 5 of fermentation, amounting to 0.376 mg/ml for cis,cis-muconic acid and 0.053 mg/ml for cis,cis-2-hydroxymuconic-6-semialdehyde. The clear domination of 1,2-dioxygenase in a cleavage of catechol strongly suggest that biodegradation of aniline by C. methanosorbosa BP-6 yeasts under applied conditions proceeds predominantly according to the intradiolic pathway.
In order to confirm this assumption, biodegradation of aniline by C. methanosorbosa BP-6 yeasts under conditions as above was followed by HPLC (GYNOTEK instrument, ODS Hypersil RP-18 column, UV-VIS detector, isocratic elution with phosphate buffer, pH 7.5 methanol, 60:40, v/v). Thus, the yeast cell extracts were prepared as above and, after appropriate dilution, analyzed by HPLC with authentic samples of each metabolite serving as internal standards (see Fig. 3 ).
The analysis revealed that all intermediates of aniline biodegradation by intradiolic pathway were present in chromatograms. The concentration of catechol was found to be growing up to the day 5 (Fig. 3A) and the level of cis,cis-muconic acid was highest between days 3 and 5 of fermentation (Fig. 3B) . Muconolactone showed up between days 3 and 7 of aniline biodegradation (Fig. 3C) , preceding the formation of 3-oxoadipate enol-lactone (days 7 and 8, Fig. 3D ) and 3-oxoadipic acid (days 7 and 8, Fig. 3E ). Finally, succinic acid was found in cell extract taken on the day 8 of fermentation (Fig. 3F) . Thus, HPLC identification and the sequence of appearance of intermediate metabolites provide strong evidence that biodegradation of aniline by yeast strain C. methanosorbosa BP-6 in AY medium proceeds predominantly according to the intradiolic pathway.
